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Description 

[0001] This invention relates generally to production 
of color images. 

[0002] The present invention provides techniques 
useful for halftoning the color separations of a digital 
color document so as to significantly reduce printing ar- 
tifacts that result from the interactions of two of the print- 
ing colors - referred to as two-color moire. 
[0003] Full color in printed documents is the result of 
rendering, in combination, a limited set of marking colors 
over a small area, in densities selected to integrate to a 
desired color response. This rendering is accomplished 
in many printing devices by reproducing separations of 
the image, where each separation provides a single pri- 
mary color of varying density. When combined together 
with other color separations, the result is a full color im- 
age. 

[0004] In the digital reproduction of documents, a 
color separation is conveniently represented as a mon- 
ochromatic bitmap or bytemap, which may be described 
as an electronic image with discrete image signals 
(hereinafter, pixels) defined by position and density. The 
density of a color at any particular pixel position is rep- 
resented as one of a number of possible states or levels. 
When more than two levels of density are used in the 
description of the image, the levels are often termed 
"gray", indicating that they vary between a maximum 
level and minimum level, and without reference to their 
actual color: Most printing systems have the ability to 
output or render an image with a small number of levels, 
typically two, although more output levels are possible. 
Common input devices including document scanners, 
digital cameras and computer image generators, how- 
ever, are capable of describing an image with a substan- 
tially larger number of gray levels (e.g., 256 levels is 
common), although larger and smaller numbers of le- 
vers are also possible. An image initially described with 
a large set of levels typically must be describable using 
a smaller set of levels, in a manner that captures the 
intent of the user, in order to allow rendering of the image 
as a hardcopy output. In digital printing of color docu- 
ments this is accomplished by reducing the relatively 
large number of input levels in a color separation to a 
smaller number of output levels. The multiple color sep- 
arations are then combined together at printing, for ex- 
ample in an image-on-image printing system, to yield 
the final color print. Commonly, color documents are 
formed using cyan, magenta, yellow and black colorants 
although alternative or other combinations of colorants 
may also be used. 

[0005] For purposes of simplicity the following discus- 
sion will consider the case where the number of output 
levels (n) is two (i.e., a binary printer). As noted above, 
however, n may be greater than two for a gray level print- 
ing process. 

[0006] In printing color documents, obtaining the de- 
sired density of a particular color is accomplished by 



halftoning, where separation density variation is repre- 
sented by marking greater or fewer numbers of ON pix- 
els (binary) in a distinct area of a separation. In a half- 
toning method known as dithering or screening a value 
5 representing the density of each color separation pixel 
of an array of separation pixels within the area is com- 
pared to one of a set of preselected thresholds (i.e., 
stored as a dither matrix) and the repetitive output pat- 
tern generated by this comparison is considered a half- 
10 tone cell as disclosed, for example, in US-A-4 1 49 1 94. 
The effect of such an arrangement is that for an area 
where the image density of the color separation lies be- 
tween the maximum and minimum levels, some of the 
thresholds within the dither matrix will be exceeded 
15 while others will not. In the binary case, the separation 
pixels or cell elements for which the thresholds are ex- 
ceeded might be printed as a maximum colorant value, 
while the remaining separation pixels are allowed to re- 
main white, dependent on the actual physical quantity 
20 described by the data. 

[0007] While widely accepted as a method for render- 
ing color prints of digital images, dithering creates prob- 
lems where the repeating pattern of the screen, when 
superposed over similar repeating patterns in the mul- 
25 tiple color separations, can cause moire or other arti- 
facts. 

[0008] US-A-5 394 252 discloses that there are al- 
ways 2-way moire patterns between the color separa- 
tions, but that the angles are often chosen to maximize 
30 the frequency of the moires, resulting in the "rosettes" 
noted in magnified color halftones. This is true of both 
analog (photographic) and digital systems. US-A-5 394 
252 further discloses interaction of the three most per- 
ceptible colors, cyan, magenta and black, and the elim- 
35 ination of three-color moire amongst such colors using 
a non-periodic screen. US-A-5 394 252 further discloses 
that error diffusion, because it operates on a pixel-by- 
pixel basis, is non-periodic, mitigating the problems of 
moire. 

40 [0009] The present invention addresses the problem 
of reducing two-color moire, particularly in yellow-cyan 
and yellow-magenta regions where the two screens are 
separated by an angle of approximately 15° (degrees). 
The present invention further builds on the recognition 
45 that the yellow colorant is typically the least perceptible 
of the primary marking colors. When rotated dot halftone 
screens are employed to render the three or four (three 
colors plus black) color separations, the interaction be- 
tween two of the color separations can cause periodic 
50 artifacts, particularly when the angle between the rotat- 
ed screens is shallow, such as about 15°. This periodic 
artifact, referred to as two-color moire, can be caused 
by (a) significant overlap of the absorption spectra of the 
two colors or (b) a physical interaction between the dots 
55 of the two colors, resulting, for example, in a breaking- 
up of magenta or cyan halftone dots when placed or po- 
sitioned over or on top of a yellow halftone dot. 
[0010] US-A-4 149 194 discloses that the angle of the 
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halftone screen can be changed to generate screen pat- 
terns which do not strongly beat visually against each 
other, thereby reducing the objectionable moire. Noted 
as particularly critical are the angles between the most 
prominent colors, cyan, magenta and black. A typical 
arrangement of rotated screen angles is 90° (or0°), 15°, 
45°, and 75° for yellow, cyan, black and magenta re- 
spectively. 

[0011] US-A-5 225 915 discloses that the addition of 
noise or enhancement of inherent noise can mask moi- 
re. However, such schemes inherently alter the accura- 
cy of the image. 

[0012] In one aspect of the invention there is provided 
a method for producing multiple color images, compris- 
ing: obtaining image signals defining color separations 
that describe a multiple color image, the image signals 
indicating optical density with m levels; the color sepa- 
rations including first and second color separations in- 
dicating optical densities of first and second colors re- 
spectively; performing non-periodic reduction on the im- 
age signals defining the first color separation to produce 
a non-periodic output pattern indicating optical density 
in the first color separation with n n levels, where m is 
greater than n n ; performing periodic reduction on the im- 
age signals defining the second color separation to pro- 
duce a periodic output pattern indicating optical density 
in the second color separation with n p levels, where m 
is greater than n p , and providing an output pattern for 
each of the color separations to an image output device 
to cause the image output device to produce a version 
of the multiple color image; the output patterns including 
the non-periodic output pattern and the periodic output 
pattern; characterised in that the first color is less per- 
ceptible than the second color. 

[0013] In another aspect of the invention, there is pro- 
vided an apparatus for producing multiple color images, 
comprising: a source of image signals defining color 
separations that describe a multiple color image, the im- 
age signals indicating optical density with m levels; the 
color separations including first and second color sepa- 
rations indicating optical densities of first and second 
colors respectively; processing means for performing 
reduction on the image signals, the processing means 
performing non-periodic reduction on the image signals 
defining the first color separation to produce a non-pe- 
riodic output pattern indicating optical density in the first 
color separation with n n levels, where m is greater than 
n n ; the processing means performing periodic reduction 
on the image signals defining the second color separa- 
tion to produce a periodic output pattern indicating op- 
tical density in the second color separation with n p lev- 
els, where m is greater than n p , and an image output 
device for producing a version of the multiple color im- 
age in response to a set of output patterns that includes 
an output pattern for each of the color separations; the 
set of output patterns including the non-periodic output 
pattern and the periodic output pattern; characterised in 
that the first color is less perceptible than the second 



color. 

[0014] The present invention can be implemented in 
an apparatus for creating multiple color images, includ- 
ing: an image-on-image printing system capable of ren- 

5 dering each of the multiple colors with n output density 
levels in superposed positions on a substrate to produce 
selected colors; a source of image signals describing a 
multiple color document with a plurality of color separa- 
tions, each image signal representing optical density 

10 with one of m levels, where m is greater than n; a proc- 
essor for preparing color documents for printing, said 
color documents each including a plurality of color sep- 
arations, each color separation represented as a set of 
image signals describing optical density using mdensity 

15 levels; a non-periodic halftone processor connected to 
said source of image signals, said non-periodic halftone 
processor reducing the number of levels m representing 
optical density in a first color separation to a number of 
levels n n representing optical density, said halftone 

20 processor generating a non-periodic pattern thereby; a 
periodic halftone processor connected to said source of 
image signals, said periodic halftone processor reduc- 
ing the number of levels m representing optical density 
in at least one additional separation to a number of lev- 

25 els n p representing optical density, said periodic half- 
tone processor generating a periodic pattern thereby; 
and means for directing signals processed at the non- 
periodic halftone processor and the halftone processor 
to said printer to print said processed color image. 

30 [0015] The present invention can also be implement- 
ed in a method for creating multiple color images on a 
printing system capable of rendering each of the multi- 
ple colors with n output density levels in superposed po- 
sitions on a substrate to produce selected colors, includ- 
es jng: receiving, from a source of image signals, image 
signals describing a multiple color document with a plu- 
rality of color separations, each image signal represent- 
ing an optical density of a particular color with one of m 
levels, where m is greater than n; processing the image 

40 signals of a first color separation with a non-periodic 
halftone processor connected to said source of image 
signals, to reduce the number of levels m representing 
optical density in the first color separation to a number 
of levels n n representing the optical density, and gener- 

45 ating a non-periodic output pattern thereby; processing 
the image signals of at least one additional color sepa- 
ration with a periodic halftone processor connected to 
said source of image signals, to reduce the number of 
levels m representing optical density in the at least one 

50 additional separation to a number of levels n p represent- 
ing the optical density, and generating periodic patterns 
for the at least one additional color separation thereby; 
and directing signals processed at the non-periodic half- 
tone processor and the periodic halftone processor to 

55 said printer to print the processed color image. 

[0016] The present invention can also be implement- 
ed in an image-on-image printing system for creating 
multiple color images, including: an image input terminal 
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acting as a source of digitized image signals, the digi- 
tized image signals describing a multiple color docu- 
ment with a plurality of color separations, each digitized 
image signal representing the optical density of a pixel 
for each of a plurality of colors; an image processing unit 
for preparing the digitized image signals for printing as 
a color document wherein the color document is ren- 
dered using a plurality of color separations in super- 
posed registration and where each color separation is 
represented as a set of image signals describing optical 
of the pixels, said image processing unit further includ- 
ing a non-periodic halftone processor, said non-periodic 
halftone processor reducing the number of levels repre- 
senting optical density in a first color separation to n n 
levels, said halftone processor generating a non-period- 
ic pattern thereby, and a periodic halftone processor, 
said periodic halftone processor reducing the number of 
levels representing optical density in two additional color 
separations to n p levels, said periodic halftone proces- 
sor generating a periodic pattern thereby; and means 
for directing signals processed at the non-periodic half- 
tone processor and the periodic halftone processor to 
said printer to print said processed color image. 
[0017] The invention addresses a basic problem in 
presenting full color images-when two primary colors 
are presented using periodic patterns or structures, 
each for a single color, the patterns or structures interact 
to produce a distinctive perceptual artifact, referred to 
as two-color moire. Two-color moire is a particular prob- 
lem in color image printing. 

[0018] The invention provides a technique that allevi- 
ates the two-color moire problem. The technique com- 
bines periodic and non-periodic reduction, with the color 
separation for a less perceptible color being reduced 
non-periodically and the color separation for a more per- 
ceptible color being reduced periodically. The technique 
can be implemented with a wide variety of non-periodic 
or quasi non-periodic reduction techniques, including 
error diffusion, stochastic or random screening, pulse 
density modulation, and other non-periodic halftone 
processes. The technique can similarly be implemented 
with any appropriate periodic reduction technique, in- 
cluding dithering and other periodic halftone processes. 
[0019] In comparison with US-A-5 394 252, the tech- 
nique is advantageous because appropriate screen an- 
gle differences can be maintained between periodic 
color separations for more perceptible colors such as 
cyan, magenta, and black, thus avoiding two-color moi- 
re between them, while two-color moire does not occur 
between any of the more perceptible colors and the non- 
periodic separation for a less perceptible color, such as 
yellow. Further, the technique can be implemented with 
only one non-periodic color separation, reducing per- 
ception of any u ndesirable artifacts associated with non- 
periodic separations. 

[0020] More generally, the technique is advantageous 
because it is simple compared to other approaches. In 
addition, it can be used to expand process latitude for 



printing systems employing image-on-image marking 
technology. The techniques of the invention are advan- 
tageous because they permit the efficient processing of 
color separations using any of a number of possible 

5 quantization or reduction techniques. As a result of the 
invention, color printing systems will produce higher 
quality images by minimizing the perception of moire 
and other artifacts resulting from structural interactions 
between two color separations, one of which is a less 

10 perceptible color separation such as yellow. 

[0021 ] The invention will now be described, by way of 
example, with reference to the accompanying drawings, 
in which: 

15 Figure 1 is a data flow diagram depicting the flow of 
data in an image processing system and an asso- 
ciated digital printing system; 
Figure 2 is a schematic illustration of the compo- 
nents of a halftoning circuit; 

20 Figures 3 - 1 0 are examples of color separations for 
the same portion of a color image; and 
Figure 11 is an illustration of an image-on-image 
printing system. 

25 [0022] The term "data" refers herein to physical sig- 
nals that indicate or include information. When an item 
of data can indicate one of a number of possible alter- 
natives, the item of data has one of a number of "values". 
For example, a binary item of data, also referred to as 
30 a "bit", has one of two values, interchangeably referred 
to as "1 " and "0" or "ON" and "OFF" or "high" and "low". 
[0023] An "image" is a pattern of physical light. To 
"render" or "print" a color image is to mark a substrate 
with at least two and preferably three or more colorants 
35 (e.g., inks, toners, pigments, etc.) so as to form a color 
image from the visual integration of the colorants. As 
used herein, the primary marking colors may include cy- 
an, magenta, yellow and possibly black. However, it is 
well understood that the pigments or colorants em- 
40 ployed to produce the full color image on a substrate 
may vary. Accordingly, the term "least perceptible color- 
ant" will be employed herein to represent the single col- 
orant of the plurality of colorants that is least visually 
perceptible by an observer. Typically, the least percep- 
ts tible colorant will be yellow, however, there is no inten- 
tion to limit the application of aspects of the present in- 
vention to only yellow colorants. 

[0024] A "pixel" is the smallest segment into which an 
image is divided in a given system. Each pixel value is 

50 a bit in a "binary form" of an image, a gray scale value 
in a "gray scale form" of an image, or a set of color space 
coordinates in a "color coordinate form" of an image, the 
binary form, gray scale form, and color coordinate form 
each being a two-dimensional array defining an image. 

55 [0025] As used herein, "optical density" or "density 
level" or "density" means a measure of the lightness, 
brightness, or intensity of a color at a location in an im- 
age. For example, if an image is described by a body of 
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data that includes an 8-bit value for each location or pixel 
of the image, each pixel value would be capable of in- 
dicating any of 256 density levels, ranging from 0 to 255; 
but if an image is described by a body of data that only 
includes a single bit value for each pixel, each pixel val- 
ue would be capable of indicating only two density lev- 
els, 0 and 1 . 

[0026] A "color separation" is used herein to mean 
one of a set of separations that together describe an im- 
age. Each separation is a body of data that indicates, 
for each location or pixel of the image, an optical density 
of one color from a set of colors that can be used to print, 
display, or otherwise present the image. Conventional 
sets of three color separations often include separations 
for three non-black, non-white colors, such as cyan, ma- 
genta, and yellow (C, M, Y) or red, green, and blue (R, 
G, B); a set of four color separations may include sep- 
arations for cyan, magenta, yellow, and black (C, M, Y, 
K). The color separations can be "superposed" to 
present the image, meaning that the densities indicated 
by all the separations are presented approximately in 
alignment. 

[0027] "Reduction" is an operation on data describing 
an image that reduces the amount of data, such as by 
reducing the number of density levels or by reducing 
spatial resolution. Reduction techniques can be divided 
into "periodic reduction" in which an operation is per- 
formed at periodic intervals across an image and "non- 
periodic reduction" which includes all other reduction 
techniques. Conventional dithering is an example of pe- 
riodic reduction. Non-periodic reduction techniques in- 
clude, but are not limited to, error diffusion, stochastic 
or random screening, pulse density modulation, and 
other non-periodic halftone techniques. A "non-periodic 
output pattern" simply means a pattern produced by 
non-periodic reduction; a non-periodic output pattern 
may include some repetition. Similarly, a "periodic pat- 
tern" means a pattern produced by periodic reduction. 
[0028] A first color is "less perceptible" than a second 
color if, to a human with normal color vision, the percep- 
tible difference between the highest and lowest availa- 
ble optical densities of the first color is less than the per- 
ceptible difference between the highest and lowest 
available optical densities of the second color. For ex- 
ample, when printing with typical cyan, magenta, yellow, 
and black colorants, each of which has a distinct level 
of visual perceptibility, yellow is less perceptible than 
any of cyan, magenta, and black. 
[0029] An "image input device" or "image input termi- 
nal" (NT) is a device that can receive an image and pro- 
vide an item of data defining a version of the image. A 
"scanner" is an image input device that receives an im- 
age by ascanning operation, such as by scanning adoc- 
ument. 

[0030] An "image output device" or "image output ter- 
minal" (IOT) is a device that can receive an item of data 
defining an image and provide the image as output. A 
"display" is an image output device that provides the out- 



put image in human viewable form. The visible pattern 
presented by a display is a "displayed image" or simply 
"image". 

[0031 ] Referring to Figure 1 , depicted therein is a data 

5 flow diagram for a reprographic or printing system 120. 
System 120 preferably receives a digital document im- 
age 1 30 generated from one of a plurality of image input 
terminals 122, including but not limited to scanner 124 
for digitizing hardcopy original document 125, a storage 

10 device 1 26 or a computer workstation 1 28. Once repre- 
sented in a digitized format, preferably a multilevel sig- 
nal (m) for each of three colors (e.g., 24-bit (8 bits/sep- 
aration)), the data is passed or otherwise transferred to 
an image processing means 136. Image processing 

15 means 136 comprises a processor dedicated to per- 
forming various programmable operations on the image 
signals supplied thereto or application specific integrat- 
ed circuitry adapted to provide various image process- 
ing features as described for example by US-A-5 608 

20 821. 

[0032] Included in image processing means 136 is a 
halftoning circuit 1 40 that operates on m-level input sig- 
nals to produce an n-level output signal for each color 
separation, where n is less than m, and where n is typ- 

25 ically one bit per pixel per color. Further details of the 
operation of halftoning circuit 1 40 are described with re- 
spect to Figure 2 below. The halftoned image signals 
(C, M', Y\ and K') are then passed to an image output 
terminal 144 represented in Figure 1 as an image-on- 

30 image (l-O-l) system. Once received by the image out- 
put terminal, the halftoned image data is employed to 
control the placement of colorants on a substrate pass- 
ing therethrough to render hard copy output 148. 
[0033] Turning next to Figure 11, depicted therein is 

35 an exemplary image-on-image printing system. As de- 
scribed with respect to Figure 1 , the color copy process 
typically involves a computer generated color image 
which may be conveyed to an image processor 136, or 
alternatively a color document 72 may be placed on the 

40 surface of a transparent platen 73. A scanning assembly 
124, having a light source 74 illuminates the color doc- 
ument 72. The light reflected from document 72 is re- 
flected by mirrors 75, 76, and 77, through lenses (not 
shown) and adichroic prism 78 to three charge-coupled 

45 linear photosensing devices (CCDs) 79 where the infor- 
mation is read. Each CCD 79 outputs a digital image 
signal the level of which is proportional to the intensity 
of the incident light. The digital signals represent each 
pixel and are indicative of blue, green, and red densities. 

50 They are conveyed to the IPU 1 36 where they are con- 
verted into color separations and bit maps, typically rep- 
resenting yellow, cyan, magenta, and black. IPU 136 
stores the bit maps for further instructions from an elec- 
tronic subsystem (ESS) 80 The ESS is preferably a self- 

55 contained, dedicated minicomputer having a central 
processor unit (CPU), electronic storage, and a display 
or user interface (Ul). The ESS is the control system 
which prepares and manages the image data flow be- 
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tween IPU 136 and image input terminal 122 124 as well 
as being the main multi-tasking processor for operating 
all of the other machine subsystems and printing oper- 
ations to be described hereinafter. The printing opera- 
tions include imaging developing, sheet delivery and 
transfer, and various functions associated with subse- 
quent finishing processes. Some or all of these subsys- 
tems may have micro-controllers that communicate with 
the ESS 80. 

[0034] The printing machine employs a photoreceptor 
1 0 in the form of a belt having a photoconductive surface 
layer 11 on an electroconductive substrate 13. Prefera- 
bly the surface 11 is made from an organic photocon- 
ductive material, although numerous photoconductive 
surfaces and conductive substrates may be employed. 
The belt 10 is driven by means of motor 20 having an 
encoder attached thereto (not shown) to generate a ma- 
chine timing clock. Photoreceptor 10 moves along a 
path defined by rollers 14,18, and 1 6 in a counter-clock- 
wise direction as shown by arrow 12. 
[0035] Initially, a photoreceptor 10 passes through 
charging station A where a corona generating device, 
indicated generally by the reference numeral 22, charg- 
es photoreceptor 10 to a relatively high, substantially 
uniform potential. Next, the charged portion of photore- 
ceptor 10 is advanced through an imaging station B. At 
imaging station B, the uniformly charged belt 10 is ex- 
posed to the scanning device 24 which causes the pho- 
toreceptor to be discharged in accordance with the out- 
put from the scanning device. The scanning device is a 
laser Raster Output Scanner (ROS). The ROS creates 
the image in a series of parallel scan lines having a cer- 
tain resolution, generally referred to as lines per inch. 
Scanning device 24 may include a laser with rotating 
polygon mirror blocks and a suitable modulator, or in lieu 
thereof, a light emitting diode array (LED) write bar po- 
sitioned adjacent the photoreceptor 10. 
[0036] At a first development station C, a magnetic 
brush developer unit, indicated generally by the refer- 
ence numeral 26 advances developer material 31 into 
contact with the latent image and latent target marks. 
Developer unit 26 has a plurality of magnetic brush roller 
members. These magnetic brush rollers transport neg- 
atively charged black toner material to the latent image 
for development thereof. Power supply 32 electrically bi- 
ases developer unit 26. 

[0037] At recharging station D, a pair of corona re- 
charge devices 36 and 37 are employed for adjusting 
the voltage level of both the toned and untoned areas 
on photoreceptor 10 to a substantially uniform level. A 
power supply is coupled to each of the electrodes of co- 
rona recharge devices 36 and 37. Recharging devices 
36 and 37 substantially eliminate any voltage difference 
between toned areas and bare untoned areas, as well 
as to reduce the level of residual charge remaining on 
the previously toned areas, so that subsequent devel- 
opment of different color toner images is effected across 
a uniform development field. 



[0038] Imaging devices 38, 53, and 63 are used to su- 
perimpose subsequent images by selectively discharg- 
ing the recharged photoreceptor These imaging devices 
may include, for example, a LED image array bar, or an- 

5 other ROS. One skilled in the art will appreciate that the 
operation of imaging devices 38, 53, and 63 are also 
controlled by ESS 80. Moreover, one skilled in the art 
will recognize that those areas developed with black ton- 
er will not be subjected to sufficient light from the imag- 

10 ing devices to discharge the photoreceptor region lying 
below the black toner particles. However, this is of no 
concern as there is little likelihood of a need to deposit 
other colors over the black regions. 
[0039] Imaging device 38 records a second electro- 
ns static latent image on photoreceptor 1 0. A negatively 
charged developer material 40, for example, one includ- 
ing yellow toner, develops the second latent image. The 
toner is contained in a developer unit 42 disposed at a 
second developer station E and is transported to the 

20 second latent image recorded on the photoreceptor by 
a donor roll. A power supply (not shown) electrically bi- 
ases the developer unit to develop this latent image with 
the negatively charged yellow toner particles 40. As will 
be further appreciated by those skilled in the art, the yel- 

25 low colorant is deposited immediately subsequent to the 
black so that further colors that are additive to yellow, 
and interact therewith to produce the available color 
gamut, can be exposed through the yellow toner layer. 
[0040] At a second recharging station F, a pair of co- 

30 rona recharge devices 51 and 52 are employed for ad- 
justing the voltage level of both the toned and untoned 
areas on photoreceptor 1 0 to a substantially uniform lev- 
el. A power supply is coupled to each of the electrodes 
of corona recharge devices 51 and 52. The recharging 

35 devices 51 and 52 substantially eliminate any voltage 
difference between toned areas and bare untoned are- 
as, as well as to reduce the level of residual charge re- 
maining on the previously toned areas so that subse- 
quent development of different color toner images is ef- 

40 fected across a uniform development field. A third latent 
image is then recorded on photoreceptor 10 by imaging 
device 53. This image is developed using a third color 
toner 55 contained in a developer unit 57 disposed at a 
third developer station G. An example of a suitable third 

45 color toner is magenta. Suitable electrical biasing of the 
developer unit 57 is provided by a power supply, not 
shown. 

[0041] At a third recharging station H, a pair of corona 
recharge devices 61 and 62 adjust the voltage level of 

50 both the toned and untoned areas on photoreceptor 1 0 
to a substantially uniform level. A power supply is cou- 
pled to each of the electrodes of corona recharge devic- 
es 61 and 62. The recharging devices 61 and 62 sub- 
stantially eliminate any voltage difference between 

55 toned areas and bare untoned areas as well as to re- 
duce the level of residual charge remaining on the pre- 
viously toned areas, so that subsequent development 
of different color toner images is effected across a uni- 
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form development field. A fourth latent image is created 
using imaging device 63. The fourth latent image is 
formed on both bare areas and previously toned areas 
of photoreceptor 10 that are to be developed with the 
fourth color image. This image is developed, for exam- 
ple, using a cyan color toner 65 contained in developer 
unit 67 at a fourth developer station I. Suitable electrical 
biasing of the developer unit 67 is provided by a power 
supply, not shown. 

[0042] Developer units 42, 57, and 67 are preferably 
of the type known in the art which do not interact, or are 
only marginally interactive with previously developed 
images. For examples, a DC jumping development sys- 
tem, a powder cloud development system, or a sparse, 
non-contacting magnetic brush development system 
are each suitable for use in an image on image color 
development system as described herein. 
[0043] In order to condition the toner for effective 
transfer to a substrate, a negative pre-transfer corotron 
member 50 negatively charges all toner particles to the 
required negative polarity to ensure proper subsequent 
transfer. 

[0044] During the exposure and development of the 
color image on the photoconductor, a sheet of support 
material is advanced to transfer station J by a sheet 
feeding apparatus 30. During simplex operation (single 
sided copy), a blank sheet may be fed from tray 15 or 
tray 17, or a high capacity tray 44 thereunder, to a reg- 
istration transport 21, in communication with controller 
81 , where the sheet is registered in the process and lat- 
eral directions, and for skew position. One skilled in the 
art will realize that trays 15, 17, and 44 each hold a dif- 
ferent sheet type. The speed of the sheet is adjusted at 
registration transport 21 so that the sheet arrives at 
transfer station J in synchronization with the image on 
the surface of photoconductive belt 10. Registration 
transport 21 receives a sheet from either a vertical trans- 
port 23 or a high capacity tray transport 25 and moves 
the received sheet to a pretransfer baffle 27. The vertical 
transport 23 receives the sheet from either tray 15 or 
tray 17, or the single-sided copy from duplex tray 28, 
and guides it to the registration transport 21 via a turn 
baffle 29. Sheet feeders 35 and 39 respectively advance 
a copy sheet from trays 15 and 17 to the vertical trans- 
port 23 by chutes 41 and 43. The high capacity tray 
transport 25 receives the sheet from tray 44 and guides 
it to the registration transport 21 via a lower baffle 45. A 
sheet feeder 46 advances copy sheets from tray 44 to 
transport 25 by a chute 47. 

[0045] The pretransfer baffle 27 guides the sheet from 
the registration transport 21 to transfer station J. Charge 
limiter 49 located on pretransfer baffle 27 restricts the 
amount of electrostatic charge a sheet can place on the 
baffle 27 thereby reducing image quality problems and 
shock hazards. The charge can be placed on the baffle 
from either the movement of the sheet through the baffle 
or by the corona generating devices located at transfer 
station J. When the charge exceeds a threshold limit, 



charge limiter 49 discharges the excess to ground. 
[0046] Transfer station J includes a transfer corona 
device 54 which provides positive ions to the backside 
of the copy sheet. This attracts the negatively charged 
5 toner powder images from photoreceptor belt 1 0 to the 
sheet. A detack corona device 56 is provided for facili- 
tating stripping of the sheet from belt 1 0. 
[0047] A sheet-to-image registration detector 110 is 
located in the gap between the transfer and corona de- 
10 vices 54 and 56 to sense variations in actual sheet to 
image registration and provides signals indicative there- 
of to ESS 80 and controller 81 while the sheet is still 
tacked to photoreceptor belt 1 0. After transfer, the sheet 
continues to move, in the direction of arrow 58, onto a 
conveyor 59 that advances the sheet to fusing station K. 
[0048] Fusing station K includes a fuser assembly, in- 
dicated generally by the reference numeral 60, which 
permanently fixes the transferred color image to the 
copy sheet. Preferably, fuser assembly 60 comprises a 
heated fuser roller 1 09 and a backup or pressure roller 
113. The copy sheet passes between fuser roller 109 
and backup roller 1 1 3 with the toner powder image con- 
tacting fuser roller 109. In this manner, the multi-color 
toner powder image is permanently fixed to the sheet. 
After fusing, chute 66 guides the advancing sheet to 
feeder 68 for exit to a finishing module (not shown) via 
output 64. However, for duplex operation, the sheet is 
reversed in position at inverter 70 and transported to du- 
plex tray 28 via chute 69. Duplex tray 28 temporarily col- 
lects the sheet whereby sheet feeder 33 then advances 
it to the vertical transport 23 via chute 34. The sheet fed 
from duplex tray 28 receives an image on the second 
side thereof, at transfer station J, in the same manner 
as the image was deposited on the first side thereof. The 
completed duplex copy exits to the finishing module (not 
shown) via output 64. 

[0049] After the sheet of support material is separated 
from photoreceptor 1 0, the residual toner carried on the 
photoreceptor surface is removed therefrom. The toner 
is removed at cleaning station L using a cleaning brush 
structure contained in a housing 108. 
[0050] Having described the operation of the image- 
on-image printing system, attention is now turned to the 
operation of the halftoning circuit 140. Referring to Fig- 
ure 2, halftoning circuit 140 is schematically illustrated. 
In one embodiment, the halftoning circuit produces a ro- 
tated dot halftone screen based upon the halftone 
screen stored as indicated by screen matrix 156, the ro- 
tated dot screen being applied to the most visually per- 
ceptible colorants (e.g., black, cyan and magenta), while 
a non-periodic halftone operation is applied to the yellow 
color separation. In particular, the screen matrix sup- 
plies a rotated dot data to periodic halftoning block 1 50. 
At block 1 50, the various thresholds associated with, for 
example, a 45° screen are applied or compared against 
the incoming color separation data (K) and the output is 
an n-bit value indicating whether the color data was 
above or below the threshold for the halftone cell loca- 
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tion. While n may represent a multi-bit output, it will be 
represented herein as a binary value, indicating whether 
a black output pixel will be exposed or left unexposed 
at a corresponding location on the output image. A 
method for the efficient production of variable angle 
screen cells by a screen matrix, and a corresponding 
representation scheme, is provided in US-A-4 149 194. 
Similarly, the output image data is generated for the ma- 
genta and cyan output images at blocks 154 and 158 
respectively employing 75° and 15° screen rotation an- 
gles. 

[0051] Also shown in Figure 2 is the non-periodic 
processing of the yellow or least perceptible color sep- 
aration data. As represented by non-periodic halftone 
processing block 152, the yellow separation data is 
processed using either error diffusion or random screen 
techniques so as to reduce any periodic structure in the 
yellow image upon output. The error diffusion is accom- 
plished, for example, by the process described in US-A- 
5 608 821 or by US-A-5 353 127. 
[0052] Again, although the present embodiment is de- 
scribed with respect to a binary output image, it is pos- 
sible for both the number of output levels n for the half- 
toned color separations to be greater than 2, and for the 
error diffused separation to be greater than 2 as well. 
Moreover, the present embodiment contemplates fur- 
ther that the number of possible output levels for the 
non-period output (n n ) could be different than the 
number of output levels for the periodic output (n p ) such 
as by being greater than or equal to n p or by being less 
than n p . As an example, consider a partial pixel expo- 
sure possibility for a high addressability printing system. 
In error diffusion, a requirement may be imposed on the 
high addressability system to only output full pixels, as 
opposed to partial pixel exposure, while for the periodic 
or screened output a 4x addressability may be em- 
ployed (e.g., each pixel has four subpixels that may be 
controlled independently). This aspect is important be- 
cause error diffusion generates isolated dots; if the dots 
are too small they will not be "stable" when output by a 
xerographic printing system and process variation will 
result in color shifts. Using only full dots for the error 
diffused pixels improves stability over the 4x sub-pixels. 
Moreover, because the yellow or least visually percep- 
tible color is imaged using the non-periodic imaging 
technique, any worms or noise resulting from the non- 
periodic technique are not visible. For added stability, it 
is also possible to require the error diffused or non-pe- 
riodic output to be done in two or more pixel clusters as 
a minimum non-periodic "dot" size. 
[0053] While the use of error diffusion is often be- 
lieved to be the source of noise in an output image, the 
use of error diffusion for the yellow color separation re- 
sults in noise that is significantly less noticeable and 
therefore of less concern. Accordingly, a simple error dif- 
fusion technique, such as that proposed by Floyd and 
Steinberg, "An Adaptive Algorithm for Spatial Grays- 
cale", Proceedings of the SID, 17/2, pp. 75-77 (1976) 



may be employed. Alternatively, the non-periodic 
processing block can employ circuitry capable of apply- 
ing a random, or at least very large period, screen to the 
color separation data. Here again it should be appreci- 

5 ated that because the visual perception of the yellow col- 
orant is relatively small simple random screening proc- 
esses may be employed. Having processed each of the 
associated pixels for the four color separations, the re- 
sulting data is then delayed by delay blocks 160, 170, 

10 or 180 so as to maintain the registration of the image 
pixels when exposed or otherwise rendered on the im- 
age output terminal. 

[0054] Turning now to Figures 3-10, the advantages 
of the technique described above are further illustrated. 

15 in Figures 3-10, black printing on a white background 
has been employed to represent either a single color 
separation or the combination of two color separations. 
It will be appreciated by those skilled in the art that the 
resultant black and white rendition of the two-color im- 

20 ages is not as visually pleasing or artifact free as an ac- 
tual two-color print would be, however the figures are 
believed to be illustrative of the advantages of the tech- 
nique nonetheless. In particular, Figures 3, 4 and 5 re- 
spectively represent cyan, magenta and yellow color 

25 separations processed using 15, 75 and 90 degree ro- 
tated dot halftoning operations. It will also be appreciat- 
ed that the figures provide merely one example of 
screen angle combinations and that other screen angle 
combinations (e.g., different colors at the same angles, 

30 or separation angles rotated by an equivalent amount) 
give rise to similar effects and are, therefore capable of 
correction. 

[0055] The effects of moire ansing from combining the 
individual separations of Figures 3, 4 and 5 are further 

35 illustrated in Figures 6 and 7. In particular, Figure 6 il- 
lustrates the beating that arises between the cyan and 
yellow separations when there is only an approximately 
15° angle between the screen angles used to produce 
the separations. Similarly, Figure 7 illustrates the two- 

40 color moire that arises between the yellow and magenta 
color separations when processed in accordance with 
typical halftone operations. 

[0056] Figure 8 illustrates the yellow color separation 
when processed in accordance with the above tech- 

45 nique. In particular, the yellow separation was proc- 
essed using a simple error diffusion technique as de- 
scribed with respect to non-periodic halftone block 152 
in Figure 2. For purposes of comparison, the yellow 
color separation of Figure 8 can be combined with the 

50 cyan and magenta separations of Figures 3 and 4 to il- 
lustrate the improved rendition, and elimination of arti- 
facts, in the two-color combinations. Specifically, Figure 
9 represents the two-color separations of cyan and yel- 
low, where yellow is the least perceptible colorant and 

55 is processed using a non-periodic rendering technique. 
Similarly, Figure 10 represents the two-color combina- 
tion of magenta and yellow, again having the yellow sep- 
aration processed using the error diffusion technique 
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previously described. As the result of a comparison of 
Figure 6 with Figure 9 or Figure 7 with Figure 1 0, it will 
be appreciated by even the casual observer that Figures 
9 and 10 lack the structural interaction (moire) found in 
the other figures. Accordingly, the processing of the 
least visually perceptible color separation reduces the 
likelihood of two-color moire. Furthermore, the use of 
such a process expands the latitude of the printing sys- 
tem. To print the halftone dot of one color, say cyan, over 
the dots of the yellow color separation requires tight con- 
trol of the xerographic parameters. If the cyan dot is only 
slightly broken when it is developed on top of the yellow 
dot, a two-color moire is likely to appear using conven- 
tional halftoning methods. However, use of the method 
and apparatus described herein, a slight imperfection of 
the cyan dot when placed over a yellow dot is much less 
likely to cause a visible artifact to appear. Thus, as a 
result of the above technique the latitude of xerographic 
or other marking processes can be significantly in- 
creased. 

[0057] In recapitulation, the present invention pro- 
vides a method and apparatus that can reduce two-color 
moire often found during the rendering of full color im- 
ages using halftoning techniques. The techniques can 
apply a non-periodic halftone operation to the least per- 
ceptible color separation (e.g., yellow) so as to prevent 
the formation of periodic structures due to the interaction 
of the yellow colorant with one of the other colorants (e. 
g., cyan or magenta). 

[0058] It is, therefore, apparent that there has been 
provided a method and apparatus for the rendition of full 
color images without perceptible structuring within the 
image due to the interactions between two primary 
colors employed to render the image. While the inven- 
tion has been described in conjunction with embodi- 
ments thereof, many alternatives, modifications, and 
variations will be apparent to those skilled in the art. Ac- 
cordingly, it is intended to embrace all such alternatives, 
modifications and variations that fall within the broad 
scope of the appended claims. 



Claims 

1 . A method for producing multiple color images, com- 
prising: 

obtaining image signals defining color separa- 
tions that describe a multiple color image, the 
image signals indicating optical density with m 
levels; the color separations including first and 
second color separations indicating optical 
densities of first and second colors respective- 
ly; 

performing non-periodic reduction on the im- 
age signals defining the first color separation to 
produce a non-periodic output pattern indicat- 
ing optical density in the first color separation 



with n n levels, where m is greater than n n ; 
performing periodic reduction on the image sig- 
nals defining the second color separation to 
produce a periodic output pattern indicating op- 

5 tical density in the second color separation with 

n p levels, where m is greater than n p ; and 
providing an output pattern for each of the color 
separations to an image output device (1 44) to 
cause the image output device to produce a 

10 version of the multiple color image (148); the 

output patterns including the non-periodic out- 
put pattern and the periodic output pattern; 

characterised in that the first color is less 
15 perceptible than the second color. 

2. The method of claim 1 , wherein said first color sep- 
aration indicates optical density of yellow. 

20 3. The method of claim 1 or claim 2, wherein the color 
separations further include third and fourth separa- 
tions, the second, third and fourth separations indi- 
cating optical densities of cyan, magenta and black, 
respectively; the method further comprising: 

25 

performing periodic reduction on the image sig- 
nals defining the third and fourth color separa- 
tions to produce periodic output patterns indi- 
cating optical density in the third and fourth 
30 color separations with n p levels. 

4. The method of any preceding claim, wherein said 
first color separation is imaged at a 90° angle of ro- 
tation and wherein the second color separation is 

35 imaged at an angles of rotation of 1 5°, 45°, or 75°. 

5. The method of any preceding claim, wherein the im- 
age output device is a printer; the colorant associ- 
ated with the first color separation being deposited 

40 by the printer prior to the deposition of the colorant 
associated with the second color separation. 

6. The method of any preceding claim, wherein the 
step of performing non-periodic reduction compris- 

45 es applying a non-periodic image processing oper- 
ation to the image signals, the image processing op- 
eration selected from a set of image processing op- 
erations including: 

50 error diffusion; 

stochastic screening; and 
pulse density modulation. 

7. An apparatus for producing multiple color images, 
55 comprising: 

a source (130) of image signals defining color 
separations that describe a multiple color im- 
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age, the image signals indicating optical densi- 
ty with m levels; the color separations including 
first and second color separations indicating 
optical densities of first and second colors re- 
spectively; 

processing means (136) for performing reduc- 
tion on the image signals, the processing 
means performing non-periodic reduction on 
the image signals defining the first color sepa- 
ration to produce a non-periodic output pattern 
indicating optical density in the first color sep- 
aration with n n levels, where m is greater than 
n n ; the processing means performing periodic 
reduction on the image signals defining the sec- 
ond color separation to produce a periodic out- 
put pattern indicating optical density in the sec- 
ond color separation with n p levels, where m is 
greater than n p ; and 

an image output device (144) for producing a 
version of the multiple color image (148) in re- 
sponse to a set of output patterns that includes 
an output pattern for each of the color separa- 
tions; the set of output patterns including the 
non-periodic output pattern and the periodic 
output pattern; 

characterised in that the first color is less 
perceptible than the second color. 

8. The apparatus of claim 7 in which the image output 
device is an image-on-image printing system capa- 
ble of rendering each of the colors with n output den- 
sity levels in superposed positions on a substrate 
to produce selected colors, where n is greater than 
n n and n p . 

9. The apparatus of claim 7 or claim 8, wherein said 
first separation is a yellow separation. 

10. The apparatus of any of claims 7 to 9, in which the 
source of image signals is an image input terminal 
that provides digitized image signals describing an 
image of a color document. 



Patentanspruche 

1 . Verfahren zum Herstellen von Mehrfarbbildern, das 
umfasst: 

Erzeugen von Bildsignalen, die Farbauszuge 
definieren, die ein Mehrfachbild beschreiben, 
wobei die Bildsignale die optische Dichte mit m 
Stufen anzeigen und die Farbauszuge einen 
ersten und einen zweiten Farbauszug enthal- 
ten, die optische Dichte einer ersten bzw. zwei- 
ten Farbe anzeigen; 



Ausfuhren nichtperiodischer Reduktion der 
Bildsignale, die den ersten Farbauszug definie- 
ren, urn ein nichtperiodisches Ausgangsmuster 
herzustellen, das die optische Dichte in dem er- 
5 sten Farbauszug mit n n Stufen anzeigt, wobei 

m groGer ist als n n ; 

Ausfuhren periodischer Reduktion der Bildsi- 
gnale, die den zweiten Farbauszug definieren, 
10 urn ein periodisches Ausgangsmuster herzu- 

stellen, das die optische Dichte in dem zweiten 
Farbauszug mit n p Stufen anzeigt, wobei m gro- 
Ber ist als n p ; und 

15 Leiten eines Ausgangsmusters fur jeden der 

Farbauszuge zu einer Bildausgabevorrichtung 
(144), urn zu bewirken, dass die Bildausgabe- 
vorrichtung eine Version des Mehrfarbbildes 
(148) herstellt; wobei die Ausgangsmuster das 
20 nichtperiodische Ausgangsmuster und das pe- 

riodische Ausgangsmuster einschlieRen; 

dadurch gekennzeichnet, dass die erste Farbe 
schwaeher wahrnehmbar ist als die zweite Farbe. 

25 

2. Verfahren nach Anspruch 1 , wobei der erste Farb- 
auszug die optische Dichte von Gelb anzeigt. 

3. Verfahren nach Anspruch 1 oder Anspruch 2, wobei 
30 die Farbauszuge des Weiteren einen dritten und ei- 
nen vierten Auszug enthalten, wobei der zweite, der 
dritte und der vierte Auszug die optische Dichte von 
Cyan, Magenta bzw. Schwarz anzeigen, und wobei 
das Verfahren des Weiteren umfasst: 

35 

Ausfuhren periodischer Reduktion der Bildsi- 
gnale, die den dritten und vierten Farbauszug 
definieren, urn periodische Ausgangsmuster 
herzustellen, die die optische Dichte in dem 
40 dritten und vierten Farbauszug mit n p Stufen 

anzeigen. 

4. Verfahren nach einem der vorangehenden Ansprii- 
che, wobei der erste Farbauszug in einem Drehwin- 



45 kel von 90° abgebildet wird und wobei der zweite 
Farbauszug in Drehwinkeln von 15°, 45° oder 75° 
abgebildet wird. 

5. Verfahren nach einem der vorangehenden Anspru- 
50 che, wobei die Bildausgabevorrichtung ein Drucker 

ist und der Farbstoff, der zu dem ersten Farbauszug 
gehort, durch den Drucker aufgetragen wird, bevor 
der Farbstoff aufgetragen wird, der zu dem zweiten 
Farbauszug gehort. 

55 

6. Verfahren nach einem der vorangehenden Anspru- 
che, wobei der Schritt des Ausfuhrens nichtperiodi- 
scher Reduktion die Anwendung eines Vorgangs 
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nichtperiodischer Bildbearbeitung der Bildsignale 
umfasst, und wobei der Bildverarbeitungsvorgang 
aus einer Gruppe von Bildbearbeitungsvorgangen 
ausgewahlt wird, die einschlieGen: 

5 

Fehierdiffusion; 
stochiastisches Rastern; und 
Impulsdichten-Modulation. 10 

7. Vorrichtung zum Herstellen von Mehrfarbbildern, 
die umfasst: 

eine Quelle (1 30) von Bildsignalen, die Farbau- 15 
szuge definieren, die ein Mehrfarbbild be- 
schreiben, wobei die Bildsignale die optische 
Dichte mit m Stufen anzeigen, und die Farbau- 
szuge einen ersten und einen zweiten Farbau- 
szug enthalten, die die optische Dichte einer er- 20 
sten bzw. zweiten Farbe anzeigen; 

eine Verarbeitungseinrichtung (136), die Re- 
duktion der Bildsignale ausfuhrt, wobei die Ver- 
arbeitungseinrichtung nichtperiodische Reduk- 25 
tion der Bildsignale ausfuhrt, die den ersten 
Farbauszug definieren, um ein nichtperiodi- 
sches Ausgangsmuster herzustellen, das die 
optische Dichte in dem ersten Farbauszug mit 
n n Stufen anzeigt, wobei m groGer ist als n n , 30 
und wobei die Verarbeitungseinrichtung peri- 
odische Reduktion der Bildsignale ausfuhrt, die 
den zweiten Farbauszug definieren, um ein pe- 
riodisches Ausgangsmuster herzustellen, das 
die optische Dichte in dem zweiten Farbauszug 35 
mit n p Stufen anzeigt, wobei m groGer ist als n p ; 
und 

eine Bildausgabevorrichtung (144), die eine 
Version des Mehrfarbbildes (148) in Reaktion 40 
auf eine Gruppe von Ausgangsmustem her- 
stellt, die ein Ausgangsmuster fur jeden der 
Farbauszuge enthalt; 

wobei die Gruppe von Ausgangsmustem das nicht- 45 
periodische Ausgangsmuster und das periodische 
Ausgangsmuster einschlieGt; 
dadurch gekennzeichnet, dass die erste Farbe 
schwacher wahrnehmbar ist als die zweite Farbe. 

50 

8. Vorrichtung nach Anspruch 7, wobei die Bildausga- 
bevorrichtung ein Bild-auf-Bild-Drucksystem ist, 
das jede der Farben mit n Ausgabedichtestufen an 
ubereinanderliegenden Positionen auf einem Tra- 
ger wiedergeben kann, um ausgewahlte Farben 55 
herzustellen, wobei n groGer ist n n und n p . 

9. Vorrichtung nach Anspruch 7 oder 8, wobei der er- 



ste Auszug ein Gelb-Auszug ist. 

10. Vorrichtung nach einem der Anspruche 7 bis 9, wo- 
bei die Quelle der Bildsignale ein Bildeingabean- 
schluss ist, der digitalisierte Bildsignale bereitstellt, 
die ein Bild eines Farbdokumentes beschreiben. 



Revendications 

1. Procede pour la production d'images en couleurs 
multiples consistant a : 

obtenir des signaux images definissant les se- 
parations chromatiques qui decrivent une ima- 
ge en couleurs multiples, les signaux images 
indiquant la densite optique avec des niveaux 
m ; les separations chromatiques incluant les 
premiere et deuxieme separations chromati- 
ques indiquant les densites optiques des pre- 
miere et deuxieme couleurs, respectivement ; 
executer une reduction non periodique sur les 
signaux images definissant la premiere sepa- 
ration chromatique pour produire un motif de 
sortie non periodique indiquant la densite opti- 
que dans la premiere separation chromatique 
avec des niveaux n n , ou m est superieur a n p ; 
executer une reduction periodique sur les si- 
gnaux images definissant la deuxieme separa- 
tion chromatique pour produire un motif de sor- 
tie periodique indiquant la densite optique dans 
la separation de la deuxieme couleur avec des 
niveaux n n , ou m est superieur a n p ; et 
delivrer un motif de sortie pour chacune des se- 
parations chromatiques a un dispositif de sortie 
d'images (144) pour amenerle dispositif de sor- 
tie d'images a produire une version de I'image 
en couleurs multiples (1 48) ; les motifs de sortie 
incluant le motif de sortie non periodique et le 
motif de sortie periodique ; 

caracterise en ce que la premiere couleur 
est moins perceptible que la deuxieme couleur. 

2. Procede selon la revendication 1 , dans lequel ladite 
premiere separation chromatique indique la densite 
optique du jaune. 

3. Procede selon la revendication 1 ou 2, dans lequel 
les separations chromatiques incluent en outre des 
troisieme et quatrieme separations, les deuxieme, 
troisieme et quatrieme separations indiquant les 
densites optiques du cyan, du magenta et du noir, 
respectivement ; le procede consistant en outre 
I'etape consistant a : 

executer une reduction periodique sur les si- 
gnaux images definissant les troisieme et qua- 
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theme separations chromatiques pour produire 
des motifs de sortie periodiques indiquant la 
densite optique dans les troisieme et quatrieme 
separations chromatiques avec des niveaux 

Hp- 

4. Procede selon I'une quelconque des revendications 
precedentes, dans lequel ladite premiere separa- 
tion chromatique est imagee a un angle de rotation 
de 90° et dans lequel la deuxieme separation chro- 
matique est imagee a un angle de rotation de 15°, 
45° ou 75°. 

5. Procede selon I'une quelconque des revendications 
precedentes, dans lequel le dispositif de sortie 
d'images est une imprimante ; le colorant associe a 
la premiere separation chromatique etant depose 
par rimprimante avant la deposition du colorant as- 
socie a la deuxieme separation chromatique. 

6. Procede selon I'une quelconque des revendications 
precedentes, dans lequel I'etape consistant a exe- 
cuter une reduction non periodique comprend rap- 
plication d'une operation de traitement d'image non 
periodique aux signaux images, I'operation de trai- 
tement d'image selectionnee a partird'un ensemble 
d'operations de traitement d'image incluant : 

la diffusion d'erreurs 

le tramage stochastique ; et 

la modulation de densite d'impulsion. 
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ou m est superieur a n n ; et 
un dispositif de sortie d'images (1 44) pour pro- 
duire une version de I'image en couleurs multi- 
ples (1 48) en reponse a un ensemble de motifs 
de sortie qui inclut un motif de sortie pour cha- 
cune des separations chromatiques ; I'ensem- 
ble de motifs de sortie incluant le motif de sortie 
non periodique et le motif de sortie periodique ; 

caracterise en ce que la premiere couleur 
est moins perceptible que la deuxieme couleur. 



8. Appareil selon la revendication 7, dans lequel le dis- 
positif de sortie d'images est un systeme d'impres- 

15 sion image sur image capable de rendre chacune 
des couleurs avec des niveaux de densite de sortie 
n dans des positions superposees sur un substrat 
pour produire des couleurs selectionnees, ou n est 
superieur a n n et n p . 

20 

9. Appareil selon la revendication 7 ou la revendica- 
tion 8, dans lequel ladite premiere separation est 
une separation du jaune. 

25 10. Appareil selon I'une des revendications de 7 a 9, 
dans lequel la source de signaux images est un ter- 
minal d'entree d'images qui delivre des signaux 
images numerises decrivant une image du docu- 
ment en couleurs. 

30 



7. Appareil pour la production d'images en couleurs 
multiples, comprenant : 

35 

une source (130) de signaux images definis- 
sant les separations chromatiques qui decri- 
vent une image en couleurs multiples, les si- 
gnaux images indiquant ladensite optique avec 
des niveaux m ; les separations chromatiques 40 
incluant les premiere et deuxieme separations 
chromatiques indiquant les densites optiques 
des premiere et deuxieme couleurs, 
respectivement ; 

un moyen de traitement (136) pour executer la 45 
reduction sur les signaux images, le moyen de 
traitement executant la reduction non periodi- 
que sur les signaux images definissant la pre- 
miere separation chromatique pour produire un 
motif de sortie non periodique indiquant la den- 50 
site optique dans la premiere separation chro- 
matique avec des niveaux n n , ou m est supe- 
rieur a n n ; le moyen de traitement executant la 
reduction periodique sur les signaux images 
definissant la deuxieme separation chromati- 55 
que pour produire un motif de sortie periodique 
indiquant la densite optique dans la deuxieme 
separation chromatique avec des niveaux n p , 
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FIG. 3 




FIG. 4 




FIG. 5 
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FIG. 6 



FIG. 7 



FIG. 8 
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FIG. 9 



FIG. 10 
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